Objectives: This study investigated the effects of comorbid sleep disorders (SD) on the incidence of cardiovascular complications among newly-diagnosed hypertension (HTN) patients.
INTRODUCTION
The number of Korean adults with hypertension (HTN) is estimated to exceed 11 million, which account for 29% of Korean adult population aged 30 or older [1] . The World Health Organization (WHO) has identified raised blood pressure as the leading risk factor for coronary artery disease (CAD), ischemic stroke, and hemorrhagic stroke [2] , and inadequately treated HTN as a major risk factor for cardiac disorders and cerebrovascular diseases [3] . As cardiac disorders and cerebrovascular diseases have been the second and third largest causes of death in Korea during 2007-2017 [4] , active management and prevention are needed, and HTN, as a causal factor underlying those conditions, also needs appropriate management and prevention.
Sleep is an important factor that affects the incidence of cardiovascular diseases (CVD) and HTN. Previous studies on the association between sleep duration and HTN and CVD showed that insufficient sleep increased the incidence and mortality of CAD and stroke, at the same time that excessive sleep was a risk factor for the incidence and mortality of CVD, as well as CAD and stroke [5] . In other previous studies, insomnia was found to raise the incidence of heart failure [6] while adequate sleep duration reduced the incidence of obesity, diabetes, HTN, and CVD including stroke [7] . And studies on sleep disorders (SD) such as obstructive sleep apnea [8] and insomnia [9] were found to increase the incidence of CVD and mortality from those conditions, suggesting that inadequate sleep duration and SD affect the incidence of CVD.
SD, which are defined as a physical and/or psychological nature that cause a sleep disturbance or problem [10] , are classified into 7 groups: insomnia, sleep-related breathing disorders, central disorders of hypersomnolence, circadian rhythm sleep-wake disorders, parasomnias, sleep-related movement disorders, and other SD [11] . The International Classification of Diseases, 10th revision (ICD-10) and the Korean Standard Classification of Diseases (KCD) use "G47" and "F51" as the code for SD. In Korea, the number of patients treated for SD has steadily increased, with the number of patients who were treated with the code for SD (G47) reaching 515 326 in 2017 [12] . A crosssectional study on Korean employees estimated the prevalence of poor quality sleep at 34.2% [13] .
Despite the associations between SD, HTN, and CVD, there are limited data from Korea on the risk of cardiovascular complications in HTN patients with comorbid SD. This study investigated the effects of comorbid SD in newly-diagnosed HTN patients on the incidence of cardiovascular complications through the National Health Insurance Service-National Sample Cohort (NHIS-NSC), with the goal of identifying additional management measures to prevent cardiovascular complications in HTN patients.
METHODS

Data and Study Population
This study used the NHIS-NSC collected between 2002 and 2013. The cohort was established by the National Health Insurance Service to provide public health researchers and policy-makers with representative, useful information regarding Korean citizens' utilization of health insurance and health examinations. The NHIS-NSC contains data on a randomly extracted sample of 2.2% of the Korean population of 46 605 433 in 2002 [14] .
To analyze diseases, KCD codes were used, with the inclusion of all relevant subcodes. Patients who were diagnosed for HTN (KCD codes: I10, I11, I12, I13, and I15), cardiovascular complications of HTN (hereinafter, referred to as "cardiovascular complications, " KCD codes: I20, I21, I46, I48, I50, I60, I61, I62, I63, and G45), or diseases that could be the cause of cardiovascular complications (KCD codes: N17, N18, N19, I64, I65, I66, I67, I68, and I69) during the 2-year washout period (2002) (2003) were excluded from this study. Patients who died during the same period were also excluded from this study. During the next 10 years (2004-2013), patients aged 30 or older who were newlydiagnosed with essential HTN (KCD codes: I10, I11, I12, and I13) were selected, and then patients who had been diagnosed with a condition corresponding to cardiovascular complications before the diagnosis of HTN were excluded. Finally, 124 057 newly-diagnosed essential HTN patients aged 30 or older, who had no cardiovascular complications at the time of diagnosis of HTN, were selected as the study population ( Figure 1 ).
Variables
Outcome variable
The outcome variable used in this study was the diagnosis of cardiovascular complications (KCD codes: I20, I21, I46, I48, I50, I60, I61, I62, I63, and G45) after being diagnosed with HTN. These codes correspond to angina pectoris (I20), acute myocardial infarction (I21), cardiac arrest (I46), atrial fibrillation and flutter (I48) [15] [16] [17] [18] , heart failure (I50), subarachnoid hemorrhage (I60), cerebral hemorrhage (I61), other non-traumatic intracranial hemorrhage (I62), cerebral infarction (I63), and transient cerebral ischemia and related syndrome (G45).
Primary variable of interest
The major independent variable of this study was the presence or absence of SD (KCD codes: F51 and G47) at the time of
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the HTN diagnosis. As there were no clear grounds for categorizing SD as organic or functional [19] , patients were considered as diagnosed for SD in this study if they were diagnosed for either non-organic SD (F51) or SD (G47). The disease codes for SD in the study included the following: non-organic insomnia (F51.0), non-organic hypersomnia (F51.1), non-organic disorder of the sleep-wake schedule (F51. 
Covariates
This study adjusted for the following individual variables and antecedents of patients at diagnosis of HTN: age, gender, income, area of residence, and comorbid diabetes (KCD codes: E10, E11, E12, E13, and E14). The adjustment for comorbid dia-betes at the diagnosis of HTN was done as diabetes is one of the major contributing factors for CVD [20, 21] and is a common comorbidity of HTN [22] . Patients who were diagnosed with diabetes and HTN at the same time were classified as having comorbid diabetes at diagnosis of HTN. Income levels were divided into low-income (Medical Aid beneficiaries and quantiles 1-4), middle-income (quantiles 5-8), and high-income (quantiles 9-10). Area of residence was divided into large cities (gulevel units of capital of Korea and metropolitan cities), small cities, and rural areas (gun-level unit).
Statistical Analysis
Stata/SE version 14.0 (StataCorp., College Station, TX, USA) was used in all statistical analyses with a significance level set to p-value<0.05. The incidence of cardiovascular complications per 1000 person-years was determined by dividing the number of cardiovascular complications cases by the total person-years of the study population with censoring of deaths that occurred during follow-up. The cumulative incidence of cardiovascular complications according to the presence of comorbid SD was analyzed through Kaplan-Meier analysis and the significance of this relationship was verified through the log-rank test. To analyze the effect of SD on cardiovascular complications, hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated using a Cox proportional-hazards model. Three sequential models were analyzed. In model I, age and gender were adjusted. Model II additionally adjusted for income and area of residence. In model III, an additional adjustment for the presence or absence of comorbid diabetes at the diagnosis of HTN was performed on the variables that were used in model II.
The population attributable fraction (PAF) and its 95% CI [23] were determined using the Stata command punafcc.
Ethics Statement
This study was approved by the Institutional Review Board of the Soonchunhyang University (201712-SB-057-01).
RESULTS
Out of 124 057 newly-diagnosed essential HTN patients aged 30 or older who had no cardiovascular complications when diagnosed with HTN, 32 275 (26.0%) developed cardiovascular complications over the 10-year follow-up period. The Patients with only the KCD code G47 (SD) or subcodes at the diagnosis of HTN. 2 Patients with only the KCD code F51 (NSD) or subcodes at the diagnosis of HTN. 3 Patients with both the KCD codes G47 and F51 or subcodes at the diagnosis of HTN.
Effects of SDs on Cardiovascular Complications of HTN
general characteristics of the subjects are presented in Table 1 . The total number of person-years of the study population was 535 344, and the incidence of cardiovascular complications of HTN (hereinafter referred to as the "incidence of complications) per 1000 person-years was 60.3 (95% CI, 59.6 to 61.0) ( Table 1 ). The incidence of complications per 1000 person-years was 29.0 (95% CI, 27.7 to 30.4) for 30-to 39-yearolds, 41.9 (95% CI, 40.9 to 43.0) for 40-to 49-year-olds, 55.8 (95% CI, 54.6 to 57.0) for 50-to 59-year-olds, 78.1 (95% CI, 76.4 to 79.8) for 60-to 69-year-olds, 110.7 (95% CI, 107.8 to 113.6) for 70-to 79-year-olds, and 133.0 (95% CI, 127.3 to 139.1) for those 80 years of age or older, showing that higher age at the diagnosis of HTN was associated with higher incidence of complications. Women (62.2/1000 person-years; 95% CI, 61.3 to 63.2) showed higher incidence of complications than men (58.5/1000 person-years; 95% CI, 57.6 to 59.4). Individuals in the low-income group showed a higher incidence of complications (66.2/1000 person-years; 95% CI, 65.0 to 67.4) than their counterparts in the high-income and middle-income group (60.6/1000 person-years; 95% CI, 59.3 to 61.8 and 55.0/ 1000 person-years; 95% CI, 54.0 to 56.0, respectively). The incidence of complications was highest in rural areas (77.0/1000 person-years; 95% CI, 74.9 to 79.2), followed by small cities (59.9/1000 person-years; 95% CI, 58.9 to 60.9), and large cities showed the lowest rate (56.2/1000 person-years; 95% CI, 55.2 to 57.1). Patients with comorbid SD at the diagnosis of HTN (78.3/1000 person-years; 95% CI, 75.8 to 80.9) showed a higher incidence of complications than those without comorbid SDs (58.6/1000 person-years; 95% CI, 57.9 to 59.3). Patients with comorbid diabetes at the diagnosis of HTN (73.7/1000 person-years; 95% CI, 72.2 to 75.3) also showed higher inci-dence of complications than those who did not have comorbid diabetes (56.3/1000 person-years; 95% CI, 55.6 to 57.1).
The cumulative incidence of complications according to the presence of comorbid SD at the diagnosis of HTN is presented in Figure 2 (log-rank test, p<0.001).
When adjusting for age and gender at the diagnosis of HTN, HTN patients with comorbid SD had a higher risk of cardiovascular complications (1.23; 95% CI, 1.19 to 1.27) than those without comorbid SD (model 1). When income and area of residence were additionally corrected, HTN patients with comorbid SD continued to have a higher risk of cardiovascular complications (1.23; 95% CI, 1.19 to 1.27; model 2). With additional adjustment for diabetes, HTN patients with comorbid SD still had a higher risk of cardiovascular complications (1.21; 95% CI, 1.17 to 1.25) than their counterparts ( Table 2 ).
The PAF for the incidence of cardiovascular complications of having comorbid SD at the diagnosis of HTN was 2.07% (95% CI, 1.69 to 2.44). Among other major risk factors in this study, PAF was highest for age of 65 or older (17.79%; 95% CI, 17.16 Values are presented as hazard ratio (95% confidence interval). . The results of this study showed that approximately 2.07% of cardiovascular complications that occurred in patients with newly-diagnosed essential HTN, aged 30 or older, and without cardiovascular complications at the diagnosis of HTN were attributable to SD (p<0.001) ( Table 3 ).
DISCUSSION
The results of this study show that patients who had comorbid SD at the diagnosis of HTN had a significantly higher risk of cardiovascular complications than those without comorbid SD. Despite a comprehensive literature search, no studies were found that analyzed the impact of comorbid SD on the incidence of cardiovascular complications in HTN patients, as was done in this study. Since the codes for SD used in this study included various SD, such as insomnia (F51.0, G47.0), hypersomnia (F51.1, G47.1), sleep apnea (G47.3), and nightmares (F51.5), and cardiovascular complications included various heart and CVD, the results of this study are in line with those of previous studies reporting that inappropriate sleep hours increased the occurrence of CAD or stroke and resultant mortality [5] , that obstructive sleep apnea [8, 24] and insomnia [9] increased cardiovascular complications and mortality, and that nightmares increased the risk of myocardial infarctions occurring during sleep [25] . In addition, literature reviews of SD [26] [27] [28] has suggested that primary sleep abnormalities such as curtailed sleep, shift work, and sleep-disordered breathing might have a causal association with atherosclerosis, stroke, heart failure, and cardiac arrhythmia [26] . It has also been reported that inadequate sleep duration and SD such as obstructive sleep ap-nea and sleep-related movement disorder might be risk factors of stroke [27] . SD were also pervasive in stroke patients and the patients at risk for stroke [28] . The results of this study are compatible to the findings of previous studies.
In this study, the PAF of having comorbid SD at the diagnosis of HTN for the incidence of cardiovascular complications was 2.07%. This suggests that approximately 1 out of 50 cases of cardiovascular complications that occurred in HTN patients was caused by SD. Therefore, if comorbid SD are properly treated in HTN patients, cardiovascular risk could be decreased. These results are compatible with previous studies that suggest the treatment of SD may improve further stroke risk [29] .
This study has the following limitations. First, as the concordance rate between 3-digit disease codes in Korean National Health Insurance claims and actual medical records is 82.0% for main diagnoses, and that of 4-digit or 5-digit disease codes is known to be lower [30] , only using KCD codes for establishing diagnoses poses a risk of misclassification bias. Second, the exposure in the study was set as a disease group (SD) rather than specific disease entities. So some specific SD that might not have a clear association with cardiovascular complications may have been included in the disease group. Nonetheless, the resultant possibility of the results being distorted is unlikely, as these factors would skew the findings toward the null hypothesis. Third, since the NHIS-NSC is based on insurance claims, control of disease was not part of the scope of the database thus adjustment for control of disease was not possible.
Despite these limitations, this study has its strengths. First, the study conducted population-based research [14] using a nationally representative sample, and observed the incidence of cardiovascular complications for a long period, up to 10 years, after the diagnosis of HTN. Second, this is the first study to analyze the effects of comorbid SD on the incidence of cardiovascular complications among newly-diagnosed Korean HTN 
